A greenhouse experiment was conducted to determine the influence of two tropical isolates of Glomus fasciculatum and Glomus mosseae on the nutrient uptake and growth of Sesbania grandiflora. Inoculation of sterile soil with the fungi significantly improved growth and nutrient uptake by S. grandiflora, but the response of the legume was markedly better when the soil was inoculated with G. fasciculatum than when it was inoculated with G. mosseae. Nutrient uptake and growth of S. grandiflora in nonsterile soil was also significantly stimulated by inoculation, but the legume did not respond differently to the two endophytes under this condition.
Growth responses resulting from inoculation of crop plants with vesicular-arbuscular mycorrhizal (VAM) fungi are largely explained in terms of increased uptake of phosphorus (5) . VAM fungi could be particularly important in the production of leguminous crops on P-fixing tropical soils since N2-fixing legumes have high requirements for phosphorus and since many tropical legumes are poor scavengers of P due to their restricted root system and sparse root hairs.
One way of maximizing the benefits of these fungi to tropical legumes may be through the matching of selected VAM species and strains with appropriate host plants. With the exception of a few species of Acacia and Leucaena leucocephala, the VAM affinity of tropical tree legumes is not known (2) . The current investigation is concerned with the influence of two tropical isolates of Glomusfasciculatum and G. mosseae on nodulation and growth of Sesbania grandiflora, a fast-growing tree legume with great potential for use as a multipurpose crop throughout the tropics.
The soil used in this study was a Wahiawa silty clay loam (Tropeptic Eutrustox) with a pH of 6.2. Surface samples (0 to 10 cm) of the soil were crushed to pass through a 2.0-mm sieve. Sterile soil was obtained by exposing the air-dried soil to gamma irradiation at 2.5 Mrads.
Seeds of S. grandiflora var. N87 were scarified with concentrated H2SO4 for 30 min and washed six times in sterile water. The seeds were inoculated with a mixed culture of appropriate rhizobia, coated with a protective layer of sterile peat, and pregerminated for 3 days before planting.
Thirty-gram portions of the crude culture of G. fasciculatum or G. mosseae (inoculum level associated with maximum infection of S. grandiflora in sand culture) consisting of sand, spores, hyphae, and infected roots were used to inoculate each 6.0-kg portion of soil contained in plastic pots (20.5 by 24.5 cm). A soil core of about 6.0 by 8.0 cm was removed from the center of each pot and mixed with a VAM inoculum. The inoculated soil was then used to fill the depression left after removal of the soil core. Uninoculated controls received washings of the crude inoculum (after passing them through Whatman no. 1 filter paper) and sterile sand instead of inoculum.
The experimental treatments consisted of gammairradiated or nonirradiated soils inoculated or uninoculated with G. fasciculatum or G. mosseae as described above. All pots were planted with the germinated S. grandiflora seeds, and treatments were arranged in greenhouse benches in a randomized complete block design with five replicates per treatment. The plants were grown under natural light (21°51'N and 156°22'W) in a greenhouse. Pots were watered as needed to maintain soils at about field capacity. At weekly intervals, each pot was amended with 200-ml portions of a nitrogen-and phosphorus-free nutrient solution (3). Plants were allowed to grow for 65 days, after which time measurements of growth, nodulation, nutrient content, and VAM infection (9) levels were made. Percent VAM infection was calculated as the number of 1-cm-long root segments out of 100 containing typical structures of VAM fungi when examined under a stereo microscope at a magnification of x40. Nutrient analysis of shoot samples, except N, was made by X-ray emission spectroscopy. Nitrogen was determined by micro-Kjeldahl digestion and steam distillation of NH3.
Inoculation of sterile soil with either G. fasciculatum or G. mosseae significantly improved nodulation and growth of S. inferior to that observed in nonsterile soil inoculated or uninoculated with the fungus. On the other hand, the performance of the legume in sterile soil inoculated with G. fasciculatum was significantly superior to its performance in nonsterile soil inoculated or uninoculated with the fungus. Nitrogen and phosphorus uptake values of S. grandiflora closely parallelled the trends observed above for nodulation and growth (Table 1 ). The uptake of other nutrients (K, S, Mg, Cu, Fe, Mn, Zn) was also similarly enhanced by mycorrhizal inoculation (data not shown). Table 2 shows the levels of VAM infection attained in S. grandiflora roots in sterile and nonsterile soils. The infection values given under the last column represent the results of an experiment conducted after the main study was terminated.
The infection values obtained in the nonsterile soil having an extremely low level of VAM activity served as a standard against which the activities of G. fasciculatum and G. mosseae in sterile soil could be compared. In all soils tested, the levels of root infection were significantly increased by inoculation with either fungus. Infection levels, however, were significantly higher when the soils were inoculated with G. fasciculatum versus G. mosseae. The infectivity of G. mosseae was extremely depressed in sterile soil compared with its infectivity in the two nonsterile soils.
The dramatic response of S. grandiflora to inoculation of sterile Wahiawa soil with G. fasciculatum is typical of many mycorrhiza-dependent plants grown on P-deficient soils (7, 8) . The extremely poor performance of G. mosseae in sterile soil coupled with the extremely low values of root infection observed in sterile soil inoculated with the fungus suggest that the development of the fungus may have been suppressed by toxic constituents of sterilized soil. Sterilization of soil by gamma irradiation is known to release substances that are toxic to microorganisms (1) . One of these toxic substances, manganese, is effective in inhibiting the germination of VAM spores at concentrations as low as 136 ,ug/liter (6) . The lack of agreement in the symbiotic effec- (10) . Members of the soil fauna including nematodes and collembola can also reduce VAM activities by grazing upon the external hyphae of VAM fungi (4, 11) . Moreover, in nonsterile soils, plant parasites and pathogens are likely to depress the levels of response of host plants to VAM inoculation.
